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Table 3-1. Site Selection Summary 

 Site  I280-Saratoga  SR87-Taylor

 Interested Directions  SB  NB  SB  NB

  Frwy  Arterial  Frwy  Arterial  Frwy  Arterial  Frwy  Arterial

Traffic demand

upstream & entrance 

ramp [veh/h/ln] 

  AM  1500  1600  1800  1000  1000  677  1800~2000  266

 PM  1800  1200  1650  750  2000  1718  1000~1200  200

Upstream exit ramp 

 flow [veh/h/ln]

 AM      N. A.   1535  

 PM      N. A.   970  

Average Speed [mph] 

 in Peak hours

 AM  50~65   20   65   25~30  

 PM  25   65   20~25   65  

 # of lanes   4   4   3   3  

 Ramp lanes/length

 (storage capacity)

 2 lane/240m

 (74 veh)
 

 2 lanes/352m

 (109 veh)
 

 3 lanes/350m

 (163 veh)
 

 3 lanes/400m

 (186 veh)
 

 Sensor location

 and density
 1 LDS   1 LDS   1 LDS   1 LDS  

 Data quality  OK  OK  OK  OK
08/11 better 

 than 09/11
 OK

08/11 better 

 than 09/11
 OK

 Controller   2070       

 System isolation  Difficult to isolate  Difficult to isolate  Some congestion Dwn  No sensor Dwn

 System complexity  complicated  complicated  complicated  complicated  simple  simple  simple  simple

 Jurisdiction
Caltrans 

 District 4
 San Jose City

Caltrans 

 District 4
 San Jose City

Caltrans 

 District 4

Caltrans 

 District 4

Caltrans 

 District 4

Caltrans 

 District 4

Likelihood of performance 

 improvement in Phase I
 Very difficult  Very difficult  possibly  possibly

 Comments     

(Table 3-1 continued on next page)
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Site   SR85-Camden I280-Lawrence  SR101-DeLaCruz
Directions  SB  NB SB NB  SB  NB

  Frwy Arterial  Frwy Arterial 
Frw

 y
 Arterial Frwy  Arterial

Frw

 y
 Arterial Frwy Arterial 

 Upstream and 

arterial   demand 

 [veh/hr]

 

 

 AM  1500  604  1700~1800  1024         

 PM  1680  845  1200~1500  969         

Ave Speed [mph] 

 in Peak Hours

 AM  65   15          

 PM  40~60   65          

 # Lanes  3   3          

 Ramp lanes/length

 (storage capacity)

2 lanes

 210m

 (65 veh)

 

 

 2 lanes

 115m
         

Veh  36)

 )

 Sensor location

 and density

 1 Up

entrance 

 ramp

 

 1 Up

entrance 

 ramp

         

 Data quality  OK   OK   OK   OK   OK   OK  

 Controller             

 System isolation  Isolated if data correct  Isolated if data correct  No  No  No  No

 System complexity  simple  simple
Too 

 complicated
 Too complicated

Too 

 complicated
 Too complicated

 Jurisdiction
Caltrans 

 District 4

 San Jose

 city

Caltrans 

 District 4

 San Jose

 city

Dist

rict 

 4

 SCL
Distric

t 4
 SCL

Dist

rict 

 4

 SCL
Distri

ct 4
 SCL

Likelihood of  performance 

improvement in Phase I 
 Unlikely  Possibly  Unlikely  Unlikely
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3.3 Recommendation 
 

Through comparison of the two candidate site, i.e. SR85-Camden and SR87-Taylor, we 

decided to use SR87-Taylor as the first stage simulation site. The reason to do so was that SR85-

Camden was more complicated and the congestion at Camden could not be separated from the 

congestion back-propagation from the downstream, as well as from the too high demand from 

the upstream. If we could not isolate the problem of congestion caused by the interaction 

between the freeway and the arterial at Taylor, coordination between the two would not have 

much effect. However, SR87-Taylor was slightly better since upstream demand was not always 

high and the congestion back-propagation from the downstream happened only occasionally in 

peak hours. This made it possible for us to isolate the problem from congestion at Taylor caused 

by upstream and downstream traffic at least in some time periods. The other three candidate sites 

were not selected due to large systems scope which the current phase of the project could not 

handle since the funding was very limited. This had been agreed by the Project Panel at the 

project meeting on Jan 30, 2012. 
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Chapter 4. Concept of Operations and Systems Engineering 

Management Plan 

4.1Concept of Operations (ConOps)  
The freeway and intersection road geometry for the selected site is depicted in Figures 4-

1 and 4-2. As shown in Figure 4-1, the freeway has more lanes downstream near Julian, but two 

close entrance ramps imply large demand to freeway. The weaving effect plus high entrance 

ramp demand could potentially cause congestion downstream, which has been observed by 

traffic data from PeMS. 

 

 
Figure 4-1. Freeway SR87 Geometry near Taylor 

 

As shown in Figure 4-2, since SB exit ramp and NB entrance ramp have relatively low volume in 

PM peak hours, and they have long enough storage, they can be decoupled from SB entrance 

ramp and NB exit ramp in this period. 

 
Figure 4-2. SR87-Taylor intersection movement geometry and typical PM peak (5-6pm) 

volumes 
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The following describes the coordination (operational) logistics of the two control 

subsystems: freeway RM and arterial intersection traffic signal timing. The coordination logistics 

is determined by freeway traffic condition. The reasons for doing so are as follows: 

• the objective is to dump the traffic on the freeway as fast as possible to reduce total travel 

time;  

• the traffic flow to be maximized is moving from arterial to freeway  high freeway flow 

would relieve the congestion faster provided that other movements of arterial traffic 

(other than the feeding flow to the freeway entrance ramp) should not be blocked 

although their Level of Service (LOS) might be sacrificed if unavoidable; 

• it is expected that the intersection will be able to inject traffic into freeway entrance ramp 

at the desired rate to reduce Total Time Spent; 

 

4.2  SEMP (System Engineering Management Plan) 
A System Engineering Management Plan was preliminarily developed as shown in the V-

diagram (Figure 4-3), which would need to refined with the development of the project in 

different phases. 

 

 
Figure 4-3. Systems Engineering Management Plan (SEMP) of the project 
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It is the highest level blueprint for all phases of the project for a progressive development 

of an Integrated (Coordinated) Freeway Ramp Metering and Arterial Traffic Signal Control in a 

systems approach. 

 

4.3  Work Plan 
The work plan detailed to some extend the components of SEMP particularly for current 

phase of the project. It included the following stages which paved the way for future large scale 

control and coordination development and implementation: 

(1) Develop ConOps: The ConOps included the system structure, operation concept, 

implementation procedure, system integration, tuning and operation. For convenience, it was 

necessary to divide the ConOps into High Level and Low Level. The High Level ConOps 

described the relationship between different components (activities of the project), which was 

used for project management. The Lowe Level ConOps depicted the physical system to be 

developed, which was the blueprint for the design and construction of the system; 

(2) Develop small scale simulation: Developing coordination algorithms over selected location 

with one RM (ramp metering) and 1-2 arterial intersections for field implementation purpose, 

taking into account the RM and intersection traffic control; 

(3) Field implementation: Field implementing all components, hardware, software and the 

coordination and control strategies for the selected site, and testing for their functionalities; 

(4) System integration: Integrating of all components into a single system and testing for 

compatibility of all components and the functionality as a whole system – hardware and 

software; 

(5) System tuning: Systematic tuning for improving coordination between RM and intersection 

signal control strategies recursively to some extent; 

(6) Performance evaluation: Performance evaluation of the implementation based on predefined 

traffic performance criteria with data analysis; 

(7) Field Operational Test (FOT) and data analysis. 

 

Different components and their logical relationships of the Work Plan are depicted in Figure 4-4. 
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Figure 4-4. Work Plan: Functionality of components and their relationships

4.4  Lower Level System Structure 
ConOps was developed for current phase of the project in Lower Level and in more 

details on how the hardware/software system would be structured, which was related to physical 

implementation (Figure 4-5). To coordinate the intersection traffic signals and freeway ramp 

metering signals at the selected site, it was necessary to have the following functions: 

• Controlling freeway ramp metering  locally, with PATH Computer interfacing directly 

with the 2070 control cabinet running URMS (Universal Ramp Metering System) at 

Taylor entrance ramp to SR87; 
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• Using the direct communication link between Caltrans District 4 TMC and 2070 

controller at the entrance ramp fulfill the following tasks: 

o To get traffic detector data as in previous system; 

o To monitor what was happening at the ramp meter controller 

o To take over the PATH computer for controlling the freeway traffic if necessary – 

dropping back to the original control strategy; 

• Running the TSCP control software at Taylor intersection with 2070 controller (under 

District 4 control); 

• Running the Fourth Dimensions Traffic control software at San Pedro and First Street 

Intersections 2070 controller (under City of San Jose control). 

 

Those interfaces are briefly described respectively in this section. 

 

 

 

Figure 4-5. Low Level ConOps: Interface with Caltrans 2070 Traffic Signal Controller at Taylor 
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Figure 4-5 depicts how the coordination of freeway ramp metering and arterial traffic 

signal control was implemented as related to the field hardware. It contains the main hardware 

blocks and the relationship between them. Figure 4-6 has the functionalities for each block. 

Project team already had the capability to develop the necessary interface to integrate the 

systems. 

 

 

 

 

Figure 4-6. Low Level ConOps: Overall System Structure – functionalities of Each Component 

A PATH computer sat in the control cabinet with the 2070 controller getting real-time 

data from it and sending back the desired ramp metering rate. A communication link between 

PATH computer and the TMC Ramp Metering Control Computer was built up as shown in the 

lower part of Figure 4-5 and Figure 4-6. 

Detailed systems development is presented in Chapter 7.
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Chapter 5. Control and Coordination Strategy Development 

A rather generic algorithm was developed for the coordination of a freeway entrance 

ramp metering and an arterial intersection signal with typical lane geometry. Instead of using 

quadratic programming (nonlinear), our approach intended to formulate the problem linearly for 

efficiency and feasibility of practical calculation. The algorithm includes three parts: intersection 

Optimal Adaptive Signal Timing to collectively minimize the gap between demand and supply 

of all movements subjected to entrance ramp and link storage limits. Entrance ramp metering 

used ALINEA to achieve local adaptive RM. The coordination strategy of the two traffic control 

system was formulated as adjusting some parameters in the objective function of the 

optimization procedure. The basic idea is to adjust the green times of the intersection according 

to the space available at the entrance ramp. The flows of the movements to the entrance ramp are 

controlled such that their flow would match with the space available at the entrance ramp. 

Redundant green times will be given to other movement not leading to the entrance ramp for 

overall system performance improvement. To achieve this, queue estimation of all the major 

movement is assumed.  To fully implement the algorithm, it is necessary to measure traffic in all 

movements and to measure entrance ramp queue and to control the green times of all the 

movements. Due to sensor detection limit, Actuated Signal Timing as the current control system 

at the selected site, and what we were allowed to do, the coordination/control strategy has been 

greatly simplified in the practical implementation and test. 

 

5.1 Assumptions 
 

The following assumptions are made for simplicity. Some may not be met completely in 

practice. In this case, we consider an approximation: 

(a) Entrance ramp queue detectors are available: both departure detector at the meter and 

arrival detector  at about 20~30% to the entrance ramp entrance depending on the ramp length; if 

it is not available or detector has data error, time-based (in 1~2 min resolution, for example) 

historical data for peak hours would be used as entrance ramp queue;  

(b) Intersection detector of each movement are available: both departure loop and advance 

loop (further upstream of the link) are available, which means that flow and queue for each 
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i∈φ  - index of phases, i=1,2,..., Nφ  

Nφ - the number of phases for traffic control at the intersection 

j = 0,1,2,...  cycle index 

ir ∈φ φr ⊆ - index that all/partial (movements) flows in phase i, which can go to the subject 

entrance ramp (feeding movements), like phase 2 right turn. 

is ∈φs ⊆ −φ φr  is an index that flow in phase i doesn't go to the entrance ramp. 

C j( ) − cycle length of the feeding intersection (integer number of [s]), fixed for now, 

C ( j ) = Nc ( j T) , which means that N jc ( )  is constant; 

C ji ( ) −  time length from the starting of the phase to the end of the green of phase i;  

U ji ( )  - current queue for phase/movement i at intersection (known – based on sensor 

detection and estimation); 

Ui,max  - maximum storage for phase/movement i at intersection (unit: number of vehicles) 

d ji ( )  - demand flow rate to movement/phase i from nearby intersections or from exit ramp 

of the freeway (unit: veh/hr; known from sensor detection); 

f ji ( )  - out- flow rate for movement/phase i  (unit: veh/hr; known from sensor detection); 

f jsat ,i ( )  - discharge flow for phase/movement i at intersection; 

βi ( j ) - split ratio for flow from phase r going into the entrance ramp; 

Gmin,i  - min green time for phase i; 

g ji ( )  - green time for phase i (the control variables to be determined). 

 

5.3  Coordination Strategy 
Two approaches are presented here: Approach 1 is heuristic which is intended for Phase I 

of the project with one entrance ramp and 1~2 intersections; and Approach 2 is a system-wide 

optimization approach which is intended for the next phase of the project for a large scale system 

including a freeway corridor and relevant arterial(s). The Approach 1 is described in details and 

Approach 2 is only a high level concept. 
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Approach 1:  Heuristic 

 

The freeway traffic condition is divided into five phases according to the traffic volume, 

which, in turn, determines the higher level coordination and lower level control of RM rate and 

arterial intersection timing (green distribution) as listed below:  

Phase 1: Freeway Mainline with Low Traffic volume (freeway mainline 
Occ ≤ =σ σ1 1;   e. g. 4% : 

– Entrance ramp metering:  

 RM is all time green 

– Intersection traffic signals:  

 Feeding movements have higher priority into the freeway 

Phase 2: Freeway Mainline with Medium Traffic to high traffic volume (freeway mainline 

σ1 < ≤Occ σ σ2 2;   e. g. = 8%  - critical occupancy): Keep freeway at its capacity flow as long as 

possible  

– Entrance ramp metering:  

 Proportional RM control strategy (ALINEA): regulate the occupancy of 

the immediate downstream of the entrance ramp (merging area) close to 

the critical occupancy. (e. g. σ c = 8% ) 

– Intersection traffic signal:  

 Balance the demand/supply ratio of all the movement subjected to 

entrance ramp storage limit (implicitly using intersection storage)  

Phase 3: Freeway Mainline with High Traffic Volume (σ 2 < ≤Occ σ σ3 3;   e. g. = 20% ): If 

traffic congestion back-propagate from downstream: 

• Entrance ramp metering:  

– RM rate is proportional to mainline occupancy (ALINEA): regulate the 

occupancy of the immediate downstream of the entrance ramp (merging area) 

close to a certain threshold, such as σ o =15% , to delay the freeway traffic 

breakdown if the entrance ramp and intersection storage permit it to do so without 

gridlock; 

– Fully use entrance ramp storage 
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• Intersection traffic signal:  

– Green time distribution to balance the demand/supply ratio of all the movements 

subjected to entrance ramp storage limit (See Appendix). 

Phase 4: Freeway Mainline with Traffic over capacity (σ 3 < ≤Occ σ σ4 4;   e. g. = 30% )  

• Entrance ramp metering: 

– RM using ALINEA to regulate the occupancy of the immediate downstream of 

the entrance ramp (merging area) close to certain threshold such as σ o = 25% ; the 

objective is to stabilize the freeway traffic even if the density is high; 

– Fully use the entrance ramp storage 

• Intersection traffic signal:  

– Fill up the intersection storage first 

– Reduce green times of the movements to the entrance ramps (Use the storage of 

upstream intersection if necessary without gridlock) 

– Balance the demand/supply of other movements except the movements to 

entrance ramp (see Appendix). 

– Use extra cycle time for other movements 

Phase 5: Freeway Mainline with Saturated Traffic ( Occ >σ 4 ): Such traffic congestion is likely 

caused by downstream back-propagation; otherwise, the coordination with feeding intersection 

should have resolved it.  

• Entrance ramp metering: Since the traffic congestion is likely caused by its downstream 

back-propagation, the following metering strategies could be possible alternatives: 

– Increase the ramp meter release rate - however, the number of vehicles that can 

practically enter the freeway is determined by the acceptance of mainline and 

merging characteristics; 

– Using the minimum metering rate – hoping that freeway congestion could 

possibly discharge quicker if downstream is in discharging phase; but if the 

downstream is not in a discharging phase, this might not be a good option; 

– Fully use entrance ramp storage 

• Intersection traffic signal:  
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• 

 

 

All the intersection controllers and sensor data need to be centralized (at TCM or at a 

Regional Master Computer) for such coordination and control; 

• A well-developed traffic state parameter estimation based on sensor measurement is 

necessary to support the model based approach; 

• Exception handling need to be developed to deal with the cases when some sensor data 

error appears; 

 

5.4  Control Problem Formulation 
5.4.1 Entrance ramp modeling: 

 

(i) Entrance ramp Dynamics 

In the ramp dynamics, metering rate is a control variable. It is the link between the entrance 

ramp dynamics and the feeding intersection. This integrates the coordination in a single 

formulation. 

 

( ) ( ) ( ) ( ) ( ) ( )1 * * 1 *
r r r

r r

on on i i i j
i

U j U j f j j g j C j r
φ

β
∈

= − + − −∑                  (5-1) 

 

The second term is the number of vehicles feeding into the entrance ramp, and the third term is 

the number of vehicle exit from the entrance ramp at the beginning of cycle j. 

 

The average ramp meter rate is defined as follows: 

( )
( ) ( )

( )

2 1

1 1
1 1

j j

l l
C l kt C l

j

r k

r
C j

− −

= =

< ≤

−

∑ ∑
=

−

∑

 

If the cycle length is constant, say ( )C j cT= , then  

( )
( ) ( )

( )

( )
( ) ( )

2 1

1 1 2 1
1 1

j j

l l
C l kT C l

j cT kT j cT
j

r k
r k

r
C j cT

− −

= =

< ≤
− < ≤ −

−

∑ ∑
= =

−

∑
∑

                (5.2) 
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Comment 5.1. Introducing the concept of average ramp metering rate is very important to 

decouple the ramp metering process from the intersection timing plan optimization since those 

two processes are in different time scales.  

 

5.4.2 Intersection Modeling 

 

(i) Intersection Queue Dynamics – number of vehicles at the end of cycle j: 

 

( ) ( ) ( ) ( ) ( ) ( )1i i i i iU j U j C j d j f j g j= − + −                     (5.3) 

 

The second terms in the right hand side is the flow from near-by intersection or from the freeway 

exit ramp; the third term is the number of vehicles leaving phase i during cycle C(j).  

(ii) Constraints: 

( )

( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( )

( ) ( )
( ) ( )

( ) ( ) ( ) ( )

( )

min,

,

,

,max

(1) :   ,   

1 *
(2) :  ,  

(3) :  * *

(4) :  

(5) :  

(6) :  ;     or:    

(7) :  

r r r
r r

r

i i

i i
i

sat i

i i i
i

i sat i

i i

i i
i i

i i

g j G i

U j d j C j
g j i

f j

f j j g j RA j

f j f j

f j f j

g j C j g j C j

U j U

φ

φ φ

φ

φ

β
∈

∈ ∈

≥ ∈

− +  ≤ ∈

≤

≤

≤

= ≤

≤

∑

∑ ∑

                  (5-4)                      

Explanation: 

(1). 

 

 

is obvious: the minimum green tine constraint to be satisfied; 

(2). is the time needed to discharge all the vehicles in phase i at the intersection; the 

green time to be assigned to that movement should not exceeds what it is needed; 

(3). the left hand side is the total number of vehicles feeding into the entrance ramp in 

cycle k, which should be limited to the acceptance capability of the subject entrance 

ramp calculated as follows: 

( ) ( ) ( ),max 1 *on on jRA j U U j C j r= − + −  

(4). is also obvious: the flow of phase I should not exceed the saturated flow of that 
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movement; 

(5). is also obvious: the feeding flow to the freeway entrance ramp is only part of the 

total flow of phase i; 

(6). there are two possible ways to use the cycle length: the first way is to use it all 

regardless (all red phases are intently ignored here for simplicity); and the second 

way is to use the green as necessary which may end up with some extra green time. 

An immediate question is how to assign the extra green; 

(7). is clear; however, if movement i storage is full, one has to either reduce the demand 

from its upstream di  of increase the corresponding green time to dump traffic faster. 

 

The question is: How to assign the remaining green to other phases? 

The answer could be in several ways: 

• 

 

assign the extra green to historically recorded movement with the longest queues; 

• assign the extra green to major movement in peak hours regardless of the queue lengths 

of the minor movements; 

 

5.4.3 Optimization Problem Formulation 

 

The objective of the intersection section timing strategy is to bring capacity to demand 

ration ( ) ( ) ( ) ( )
( ),

*i i
i

sat i

U j d j C j
g j

f j
+

 as close to 1 as possible, which is equivalent to say that 

( ) ( ) ( )
( )

1i iU j d j C j
f j

− + *

,sat i

  and  g ji ( )   are as close as possible. 

 

With 

( ) ( ) ( ) ( )
( ),

*i i
i

sat i

U j d j C j
g j

f j
+

≤  

added as constraints, 

 

( ) ( ) ( )
( ) ( )

,

1 *
0i i

i
sat i

U j d j C j
g j

f j
− +

− ≥  
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The first approach is to formulate a Linear Programming (LP) problem to minimize 

( ) ( ) ( ) ( )
( ) ( )

( )
( )

,

1 *

min

i
i

i sat i

j

U j d j C j
J j g j

f j

J j

− +
= −∑

g
 

( ) ( ) ( )1 ,..., Nj g j g j
φ

 =  g

or a quadratic programming problem to minimize 

( ) ( ) ( ) ( )
( ) ( )

( )
( )

2

2
,

2

1 *

min

i
i

i sat i

j

U j d j C j
J j g j

f j

J j

 − +
= −  

 
∑

g

 

 

The decision parameters are the green time distribution among all the phases of the intersection. 

Comment 5.2. To consider the overall system including both freeway and arterial 

intersections, the decision parameter needs to include ramp metering rate. It means that the 

system-wide optimization should be conducted jointly. However, for this phase of the project, 

only one entrance ramp is taken into consideration. The ramp meter rate is determined to control 

the merging area of the entrance ramp to its maximum flow possible. This only needs a local 

adaptive ramp metering such as ALINEA. The ramp meter rate is only determined by freeway 

mainline traffic situation, without considering intersection traffic. However, in higher level 

coordination strategy, intersection traffic has been taken into account.  

The above algorithm has been implemented in simulation with well-calibrated model and 

with performance evaluated, which will be presented in Chapter 6. 

 

5.5 Simplified Coordination and Control Strategy 
 

Due to the limit on what we are allowed to do, we propose to further simplify the 

coordination and control strategy as follows for practical implementation.  

 

5.5.1. Freeway Ramp Metering on SR87 Entrance ramp at Taylor 

Mainline occupancy based ALINEA method is used to generate the RM rate. Due to 

entrance ramp queue detection sensor problem, queue override is not included. For ALINEA 
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implementation, the detector should be at entrance ramp merge area. In practice, they were 

located immediate upstream of the entrance ramp. 

 

5.5.2. Practical Intersection Traffic Control at Taylor 

Figure 5-1 shows Taylor intersection near SR-87 with vehicle count on 04/02/2012. At 

the time of field test, the EB RT into freeway SR-87 SB was overlapped with both Phase 6 and 

Phase 7 for operation. From Figure 5-1, it could be observed that, for traffic counts to freeway, 

Phase 5 WB left turn was obviously higher (782 veh/hr) than EB right turn from Phase 6 (625 

veh/hr). However, since Phase 7 demand was rather high, Phase 6 RT green was the total of 

Phase 6 through movement green and Phase 7 green times, which was very large. With so long 

green time, EB RT traffic had more priority to take the space in the entrance ramp in peak hours. 

Therefore, in PM peak hours, even if WB RT (Phase 5) had enough green time, entrance ramp 

did not have enough space to accommodate the vehicles from it. As the consequence, Phase 5 LT 

pocket queue was very long in PM peak hours. With the default overlap setting for operation, it 

was impossible to control the RT independently. Therefore, the project team proposed to change 

the overlap of EB RT movement to Phase 6 Through movement and Phase 3 in PM peak hours. 

The reasons to do so are: (a) there was no other simpler way to redesign the phase diagram 

without affecting the primary phases; (b) Phase 3 had very light traffic in both AM peak and PM 

peak hours; with such assignment, it was possible to change the green time of Phase 3 according 

to the need for EB Right turn. This was the essential part of the coordination between freeway 

ramp metering and arterial traffic signal control. 
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Figure 5-1. Phase assignment and vehicle count on 4/3/2012 at Taylor intersection 
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Chapter 6. Microscopic Simulation Development  
 

6.1. Systematic Data Collection 
Extensive data collection at SR87-Taylor was conducted for control/coordination strategy 

developed in microscopic simulation for the coordination of freeway RM and Arterial Traffic 

Intersection Signal control. 

The road geometry of the section of SR87 near West Taylor Street with traffic detector 

IDs is shown in Figure 6-1 with loop detector locations on freeway. 

 

 
 

 

 
 

Figure 6-1.  Road geometry and sensor locations near SR87-Taylor; no sensor upstream of 
Taylor SB. 

The four data collection activities are described below. The first three times only used 

PATH video cameras to cover the intersection at Taylor (without San Pedro) and the 

corresponding entrance ramp (Figure 6-2). The fourth time used both Miovision units loaned 

from Caltrans and PATH Cameras.  
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6.1.1 Video Data Collection for the Intersection: 

 
The video cameras were used to collect the intersection data for all movements. The 

locations of the cameras are shown in the following Figure: 

 

 
 

Figure 6-2. Location of the three video cameras for all movements of Taylor Intersection  
 

The data were collected for about 85min on three working days: 

• 

 

 

04/03/12 (Tuesday): data collection was successful; traffic became heavy around 4:40pm; 

data collection started around 4:45 pm; entrance ramp queue back up was observed 

several times; the intersection was not  blocked because drivers seemed to be familiar 

with the traffic conditions; 

• 05/14/12 (Monday): data collection was not very successful. The Sony Camera stopped 

after 30 min and restarted at 5:14pm; SB entrance ramp was filled up due to mainline 

congestion from downstream traffic; the traffic was almost stop & go until 6:00 pm; 

• 05/17/12 (Thursday): data collection was successful. The start time for the three cameras 

were recorded as follows (synchronized time based on cellphone): 

o 

 

 

Black Video camera: 4:29 pm (San Pedro direction) 

o White video camera: 4:30 pm  (Entrance ramp) 

o Sony camera:            4:27 pm 

Large entrance ramp queue was observed from 5:23 pm due to mainline congestion back-

propagated from downstream traffic, which was similar to that observed on other two days. 
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There was an incident (engine stopped working for an old car – first place of left turn pocket 

from San Pedro – removed by police in about 10 min). Some entrance ramp back-propagation 

was observed but it was not as serious as those cases observed on 04/03/12. 

All collected data were processed manually by project research team. The aggregated 

data for each movement was used for the first round traffic modeling and calibration. 

 
6.1.2 PeMS Data and Caltrans District 4 Provided Freeway Data: 
 

30s and 5min PeMS data were collected for teach VDS. Caltrans District 4 traffic 

engineers also provided the 04/03/2012 SCL-087 station data. Essentially, the data sets were 

similar to what we obtained from PeMS Systems. 

 

6.1.3 Data Collection Using Miovision Systems on 09/05/12 (Wednesday) at Intersection 

The objectives for data collection on 09/05/12 were to cover both Taylor and San Pedro 

intersections, freeway entrance ramp and left turn pocket between San Pedro and Taylor so as to 

capture an overall picture of traffic movement in the modeling. This was made possible due to 

the support from Caltrans HQ and District 4Traffic Operations. 

Road Geometry and coverage 

The road geometry of the system is shown is Figure 6-3 and Figure 6-4. The data sets 

covered all the movements at Taylor intersection (Figure 6-3) and feeding movement from San 

Pedro (Figure 6-4) into W. Taylor St. The traffic was heavy on 09/05/12. Spill-backs were 

observed on both entrance ramp and left turn pocket between Taylor and San Pedro St. 
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Figure 6-3. Overall road geometry of the system: (a) intersection at Taylor St., Intersection 
at San Pedro, and SB entrance ramp from Taylor to SR87 

Figure 6-4. San Pedro Intersection 
 

Since there was a large parking lot close to San Pedro, as shown in Figure 6-4, and the 

WB traffic came from First Street from San Jose City Center, the traffic flow was significant.  

 
6.1.4 Camera Layout Scheme 

 
Scheme with 3 Miovision Units (red circles) and 2 PATH Cameras (green beams) were 

shown in Figure 6-5.  
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